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Description

The present invention relates to a liquid crystal de-
vice, particularly a device using a chiral smectic liquid
crystal, and a display apparatus using such a device.

Hitherto, it has been practiced to use a laminar
structure of an ITO (indium-tin-oxide) electrode and a
metal wire so as to provide a lower resistivity electrode
structure for a liquid crystal display device. As a metal
constituting such a metal wire, there has been used a
metal, such as Cr (chromium), Mo (molybdenum), W
(tungsten) or Ni (nickel), which can be selectively etched
in combination with ITO and can also be subjected to an
ordinary photolithographic process. In recent years,
however, there has been an increasing demand for lig-
uid crystal display devices having a larger area and a
higher resolution, and accordingly, the electrodes are
required to have a further lower resistivity. For this rea-
son, Al (aluminum) has been recently used as a metal
wire because it shows a low resistivity, is inexpensive
and is suited for fine processing.

The JP-A-63-289533 discloses an electrode struc-
ture, wherein the ITO picture element electrode is en-
tirely covered with an extremely thin film of Ti, Ni, Cr,
etc. inordertoforma picture element electrode, to which
an Al electrode is connected. The extremely thin film is
expected to be transparent.

However, when a laminate electrode structure of
ITO and Al is formed by an ordinary lithographic proc-
ess, there has been observed a difficulty that pinhole
defects are liable to occur in the ITO film. This is ex-
plained with reference to Figures 7A - 7D showing steps
for production of such a conventional laminated elec-
trode structure. First of all, a pattern of ITO electrode 2
is formed on a glass substrate 1 (Figure 7A). Further,
the ITO electrodes 2 are coated with an Al film 4 in a
thickness of, e.g. 300nm (3000 A) and then with a pos-
itive-type photoresist layer 5 (Figure 7B). Then, a pre-
scribed Al pattern is formed by an ordinary photolitho-
graphic process wherein the Al film 4 is etched by a de-
veloping liquid containing principally an organic alkali.
At this time, if there is any pinhole 7 in the Al film 4, ITO
is also dissolved in the developing step due to nascent
hydrogen generated when Al is dissolved (Figure 7C).
Then, when the ITO film is etched to form an electrode
pattern, the portion of ITO film dissolved during the Al
etching remains as a pinhole defect 8 to remarkably de-
teriorate the display quality of the resultant liquid crystal
display device.

In order to obviate the above difficulty in the con-
ventional process, it has been proposed to dispose a
protective film between the ITO film and Al film. Figures
8A - 8E illustrate such an embodiment for production of
a laminated electrode structure having a first layer of
ITO 2, a second layer of Cr 9 and a third layer of Al 4.
The production process is similar to the one explained
with reference to Figures 7A - 7D except for the provi-
sion of the second Cr layer 9. It is also similar that the
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Alis partly preferentially dissolved during the developing
step, but the occurrence of a pinhole in the ITO film is
prevented due to the presence of the Cr layer 9 between
the Al film 4 and the ITO film.

However, this process requires an additional etch-
ing step for the Cr film 9 (Figure 8D) in addition to the
Al etching step (Figure 8C) and also the Cr film 9 is not
always uniformly formed on the ITO film 2, so that com-
plication of the process is inherently accompanied.

The US-A-4859036 relates to a metal/ITO laminate
structure, wherein the metal comprises at least one high
melting metal, namely Mo, Ti, Cr, Ta, W and/or Ni, in-
stead of conventional Al. An electrode structure com-
prising an upper layer made of Mo-Ta alloy with respect
to a particular electrode device is mentioned in this doc-
ument. Furthermore, an Mo-Al layer laminate provided
on a glass plate is processed to effect simultaneous
etching of Mo and Al in one step.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
liquid crystal device and a display apparatus having
solved the above-mentioned problems.

A more specific object of the present invention is to
provide a liquid crystal device provided with electrodes
with a reduced number of pinhole defects which are
practically of no problem and a display apparatus using
such a liquid crystal device.

According to the present invention, there is provid-
ed a liquid crystal device, comprising a pair of oppositely
disposed electrodes, and a liquid crystal disposed be-
tween the electrodes; wherein at least one of the pair of
electrodes comprises a laminated structure including a
first layer of indium tin oxide, a second layer of an alloy
of molybdenum comprising molybdenum and at least
one alloying element selected from the group consisting
of Ta, Ti, Si, Cr, V, Nb and W, and a third layer of alumi-
num or its alloy, disposed in the order named; wherein
said second and third layers cover only a part of the first
layer as a laminated layer free from overhang of the third
layer, said alloying element providing the alloy of molyb-
denum and the alloying element with an etching speed
in an acidic etchant controlled relative to that of molyb-
denum alone, such that it is substantially similar to that
of the third layer.

The invention also provides a display apparatus ac-
cording to claim 12 and a process for producing an elec-
trode plate as claimed in claim 16.

These and other objects, features and advantages
of the present invention will become more apparent
upon a consideration of the following description of the
preferred embodiments of the present invention taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A - 1E illustrate a process for forming a
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laminated electrode structure on a substrate used in an
embodiment of the liquid crystal device according to the
invention.

Figures 2A - 2E illustrate a process for forming a
laminated electrode structure on a substrate used in an-
other embodiment of the liquid crystal device according
to the invention.

Figure 3 is a graph showing a relationship between
the etching speed of Mo - Ta alloy and the Ta content in
the alloy.

Figure 4A is a schematic plan view of a ferroelectric
liquid crystal device used in the invention, and Figure
4B is a sectional view taken along the line A-A therein.

Figure 5 is a block diagram of a liquid crystal display
apparatus including a liquid crystal device and a
graphic controller according to the invention;
Figure 6 is a time chart showing time correlation for
image data communication between the liquid crys-
tal device and the graphic controller.

Figures 7A - 7D and Figures 8A - 8E respectively
illustrate a conventional process for forming a lam-
inated electrode structure on a substrate.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The device of the present invention has been pro-
vided so as to remote the defects of the above-men-
tioned conventional laminated electrode structure. More
specifically, according to the present invention, a layer
of Mo alloy is interposed between an ITO electrode con-
stituting a display electrode and a layer of Al or Al alloy,
whereby a low-resistivity electrode including Al can be
realized without complicating the production process or
causing pinhole defects in the ITO electrode.

A liquid crystal device according to the present in-
vention may be formed by providing a pair of substrates
having a display electrode having a laminated structure
including a first layer of ITO, a second layer of Mo alloy
disposed on the first layer, and a third layer of Al or Al
alloy; subjecting the substrates to an aligning treatment;
bonding the pair of substrates thus treated to each other
with a gap therebetween; andfilling the gap with a liquid
crystal.

In the present invention, such a display electrode
may be formed on a substrate, e.g., through a process
including the steps of: forming a film of ITO by sputtering
on the substrate, forming the ITO film into a pattern of
stripes by ordinary photolithographic technique, forming
thereon laminated films of Mo alloy and Al or Al alloy
sequentially by sputtering similarly as the ITO film, coat-
ing the laminated films with a positive-type photoresist
layer which is then exposed and developed into a pat-
tern, etching the layers of Al or Al alloy and Mo alloy with
an etchant comprising a predominant amount of phos-
phoric acid and relatively small amounts of nitric acid,
acetic acid and water, and then peeling the remaining
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photoresist film.

Thefirst layer of ITO (indium-tin-oxide) may suitably
be a conventional one having an Sn content of 1 - 10
wi. % and may suitably have a thickness of 50 nm - 500
nm (500 A - 5000 A).

The second layer comprises Mo alloy. The Mo alloy
may suitably be Mo-Ta, Mo-Ti, Mo-Si, Mo-Cr, Mo-V, Mo-
Nb, Mo-W, Mo-Ta-Ti, Mo-Ta-Si, Mo-Ta-V, etc. Such an
Mo alloy is suitably be used because the etching speed
thereof can be controlled by varying the content of an
alloying element, such as Ta, Ti, ..., etc. (Figure 3) pref-
erably in a proportion of 1 - 30 wt. %, more preferably 5
- 20 wt. %. It is particularly preferred to use Mo-Ta or
Mo-Ti alloy with a preferred Ta- or Ti-content of 30 wi.
% or less, further preferably be 5 - 15 wi. %.

The second layer of Mo alloy may be uniformly
formed by vapor deposition on the ITO film and may de-
sirably have a thickness of 5-200 nm (50 - 2000 A), pref-
erably 30 - 100 nm (300 - 1000 A).

Alayer of Al or Al alloy is formed on the second layer
of Mo alloy. The Al alloy may for example be Al-Si, Al-
Cu-Si or Al-Ti alloys containing at least one alloying el-
ement selected from Si, Cu and Ti in a proportion of 1 -
5 wt. %. The Al or Al alloy can further contain Mo or Cr
in a proportion of 1 - 5 wt. %. The Al or Al alloy layer
may suitably have a thickness of 5 - 200 nm (50 - 2000
A), preferably 30 - 100 nm (300 - 1000 A).

The liquid crystal used in the liquid crystal device
may preferably be a ferroelectric liquid crystal which is
not restricted to particular ones but can be selected from
a wide scope.

Specific examples of production are described be-
low.

Example 1

A laminated electrode structure was formed on a
substrate through a process as illustrated in Figures 1A
- 1E.

First of all, a glass substrate 1 was coated with a
100 nm (1000 A)-thick I TO film by sputtering, which ITO
film was then patterned into stripes 2 by ordinary pho-
tolithographic technique (Figure 1A).

Then, the ITO stripes 2 were coated with laminated
films including a 50 nm (500 A)-thick Mo film 3 and a
300 nm (3000 A)-thick Al film by sputtering similarly as
the ITO film and then with a 1 micron-thick layer 5 of a
positive-type photoresist (trade name: "OFPR-800",
mfd. by Tokyo Ohka Kogyo K.K.) by using a roller coater
(Figure 1B). Then, the photoresist layer was exposed
and then dipped in a developer liquid comprising princi-
pally an organic alkali (frade name: "NMD-3", mfd. by
Tokyo Ohka Kogyo K.K.) to be patterned (Figure 1C). In
this step, Al 4 could be dissolved partly but the occur-
rence of pinholes in the ITO 2 was prevented due to the
presence of the Mo film 2 between Al 4 and ITO 2 even
if there were pinholes in the Al 4 film.
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Then, the laminated films of Al 4 and Mo were
etched by an etching liquid comprising a mixture of
phosphoric acid (98 wi. %), nitric acid (60 wit. %), acetic
acid (100 wt. %) and water in volumetric ratios of 16:1:
2:1, and then the photoresist 5 was peeled to leave a
laminated electrode structure (Figure 1D). In this exam-
ple which does not show all the features of the claims,
Mo showed a larger etching speed than Al with respect
to the above etching liquid, so that slight overhangs of
Al electrode were formed as shown in Figure 1E which
is an enlarged view of a part A in Figure 1D.

A pair of substrates each having thereon a laminat-
ed electrode structure thus formed were respectively
subjectedto an aligning treatment (including application
of a polyimide film and rubbing of the polyimide film) and
then bonded to each other with a gap therebetween,
which was then filled with a ferroelectric chiral smectic
liquid crystal (trade name: "CS-1014", mfd. by Chisso
K.K.) to provide a liquid crystal display device. The liquid
crystal display device resulted in alignment defects in
the vicinity of the overhangs of Al electrodes, which were
however so minute that they could be accepted without
practical problem.

Example 2

A laminated electrode structure according to the in-
vention was formed on a substrate through a process
as shown in Figures 2A - 2E, which was characterized
by the use of an Mo-Ta alloy layer 6 as shown in Figures
2B - 2E instead of the Mo layer 3 in Example 1.

As in Example 1, a pattern of ITO electrodes 2 was
formed on a glass substrate 1 (Figure 2A) and then coat-
ed with a 50 nm (500 A)-thick film 6 of Mo-Ta alloy (Mo
92.5 wt. %, Ta 7.5 wt. %) and a 300 nm (3000 A)-thick
film 4 of Al, which were subjected to patterning in a sim-
ilar process as in Example 1 (Figures 2B - 2D). The etch-
ing speeds of Mo-Ta alloys were as shown in Figure 3
and could be controlled varying the Ta contents in the
alloys. In this Example, an Mo-Ta alloy containing 7.5
wt. % of Mo was used so as to provide an etching speed
substantially identical to that of Al. As a result, it was
possible to form an ideal laminated electrode structure
free from overhangs of Al electrodes while preventing
the occurrence of pinhole defects in the ITO electrodes
2 due to the presence of the Mo-Ta alloy layer 6. A part
B in Figure 2D is enlarged in Figure 2E which shows
that such an overhang of Al electrode was not formed.

A liquid crystal display device was prepared by us-
ing a pair of substrates thus processed otherwise in a
similar manner as in Example 1. The display device pro-
vided a good display which was also free from alignment
defects near the metal electrodes.

In the above Examples 1 and 2, Al electrodes were
used as metal electrodes for providing a lower resistivity.
It is however also possible to use an Al alloy such as Al-
Si, Al-Si-Cu or Al-Tiin view of electro-migration and anti-
corrosion characteristic. In this case, it is still possible
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to adjust the etching speed of Mo alloy to that of the Al
alloy by changing the content of alloying element such
as Ta or Ti, and also show the pinhole-preventing effect.
These effects are applicable to any-types of liquid crys-
tal display devices including STN, active matrix and fer-
roelectric chiral smectic liquid crystal devices.

Figures 4A and 4B illustrate an embodiment of the
liquid crystal device according to the present invention.
Figure 4A is a plan view of the embodiment and Figure
4B is a sectional view taken along the line A-A in Figure
4A.

A cell structure 100 shown in Figure 4 comprises a
pair of substrates 101a and 101b made of glass plates
or plastic plates which are held with a predetermined
gap with spacers 104 and sealed with an adhesive 106
to form a cell structure. On the substrate 101a is further
formed an electrode group (e.g., an electrode group for
applying scanning voltages of a matrix electrode struc-
ture) comprising a plurality of laminated electrodes 102a
as formed by Example 1 above in a predetermined pat-
tern, e.g., of a stripe pattern. On the substrate 101b is
formed another electrode group (e.g., an electrode
group for applying signal voltages of the matrix elec-
trode structure) comprising a plurality of laminated elec-
trodes 102b intersecting with the electrodes 102a.

On the substrate 101b provided with such elec-
trodes 102b may be further formed an alignment control
film 105 composed of an inorganic insulating material
such as silicon monoxide, silicon dioxide, aluminum ox-
ide, zirconia, magnesium fluoride, cerium oxide, cerium
fluoride, silicon nitride, silicon carbide, and boron nitride,
or an organic insulating material such as polyvinyl alco-
hol, polyimide, polyamide-imide, polyester-imide,
polyparaxylylene, polyester, polycarbonate, polyvinyl
acetal, polyvinyl chloride, polyamide, polystyrene, cel-
lulose resin, melamine resin, urea resin and acrylic res-
in.

The alignment control film 105 may be formed by
first forming a film of an inorganic insulating material or
an organic insulating material as described above and
then rubbing the surface thereof in one direction with
velvet, cloth, paper, etc.

In another preferred embodiment according to the
present invention, the alignment control film 105 may be
formed as a film of an inorganic insulating material such
as SiO or SiO, on the substrate 101b by the oblique or
tilt vapor deposition.

It is preferred that the alignment control film 105
also functions as an insulating film. For this purpose, the
alignment control film may preferably have a thickness
in the range of 10 nm (100 A) to 1 micron, especially 50
to 500 nm (500 to 5000 A). The insulating film also has
a function of preventing the occurrence of an electric
current which is generally caused due to minor quanti-
ties of impurities contained in the liquid crystal layer 103,
whereby deterioration of the liquid crystal compounds is
prevented even on repeating operations.

The liquid crystal device according to the present
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invention can have an alignment control film similar to
the above-mentioned alignment control film 105 also on
the other substrate 101a.

The liquid crystal 103 in the cell structure 100 shown
in Figure 3 may assume an SmC* (chiral smectic C) or
SmH* (chiral smectic H) phase. Such a liquid crystal lay-
er assuming SmC* or SmH* may be formed by phase
transition from cholesteric phase which is a higher tem-
perature phase than the smectic phase, particularly
cholesteric phase having a grandjean texture, through
SmA (smectic A) phase to SmC* or SmH*.

The liquid crystal device further includes a sealant
106 composed of an epoxy adhesive, a pair of polarizers
107 and 108 disposed in cross nicols, and a heater 109
formed of a transparent resistor film (e.g., of SnOy,).

Figure 5 is a block diagram showing an arrange-
ment of a ferroelectric liquid crystal display apparatus
501 and a graphic controller 502 provided in an appa-
ratus body of, e.g., a personal computer as a source of
supplying display data. Figure 6 is a time chart for com-
munication of image data.

Adisplay panel 503 (similar to a liquid crystal device
100 as described above) comprises a matrix electrode
structure composed of 1120 scanning electrodes and
1280 data electrodes respectively disposed on a pair of
glass plates and subjected to an aligning treatment, and
a ferroelectric liquid crystal disposed between the glass
substrates. The scanning electrodes (lines) and data
electrodes (lines) are connected to a scanning line drive
circuit 504 and a data line drive circuit 505, respectively.

Hereinbelow, the operation will be explained with
reference to the figures. The graphic controller 502 sup-
plies scanning line address data for designating a scan-
ning line and image data (PDO - PD3) on the scanning
line designated by the address data to a display drive
circuit 504/505 (composed of a scanning line drive cir-
cuit 504 and a data line drive circuit 505) of the liquid
crystal display apparatus 501. In this embodiment, the
image data comprising the scanning line address data
and the display data are transferred through the same
transmission line, so that it is necessary to differentiate
the above-mentioned two types of-data. For the differ-
entiation, a signal AH/DL is used. The AH/DL signal at
a high level means scanning line address data, and the
AH/DL signal at a low level means display data.

Inthe liquid crystal display apparatus 501, the scan-
ning line address data are extracted from transferred im-
age data PDO - PD3 by a drive control circuit 511 and
then supplied to the scanning line drive circuit 504 in
synchronism with a time for driving a designated scan-
ning line. The scanning line address data are inputted
to a decoder 506 in the scanning line drive circuit 504,
and a designated scanning line in the display panel 503
is driven by a scanning signal generating circuit 507 with
the aid of the decoder 506. On the other hand, the dis-
play data are introduced to a shift register 508 in the
data line drive circuit 505 and shifted by a unit of 4 pixel
data based on a transfer clock signal. When the shift of
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display data for one horizontal scanning line is complet-
ed by the shift register 508, the display data for 1280
pixels are transferred to a line memory disposed in par-
allel, memorized for a period of one horizontal scanning
and are supplied to the respective data lines as display
data signals through a data signal generating circuit
510.

Further, in this embodiment, the drive of the display
panel 503 in the liquid crystal display apparatus 501 is
not synchronized with the generation of the scanning
line address data and display data in the graphic con-
troller 502, so that it is necessary to synchronize the ap-
paratus 501 and 502 at the time of image data transfer.
A signal SYNC is in charge of the synchronization and
is generated in the drive control circuit 511 in the liquid
crystal display apparatus 501 at each one horizontal
scanning period. The graphic controller 502 always
monitors the SYNC signal, and transfers image data
when the SYNC signal is at a low level and does not
effect transfer after completing transfer of image data
for one horizontal scanning line when the SYNC signal
is at high level. More specifically, referring to Figure 6,
the graphic controller 502 immediately sets the AH/DL
signal at high level and starts transfer of image data for
one horizontal scanning line when it detects that the
SYNC signal is at low level. The drive control circuit 511
in the liquid crystal display apparatus 501 set to the
SYNC signal at high level during the image data transfer
period. When the writing in the display panel 503 is com-
pleted after a prescribed one horizontal scanning peri-
od, the drive controller circuit (FLCD controller) 511 re-
turns the SYNC signal to the low level so that it can re-
ceive image data for a subsequent scanning line.

As described above, according to the present in-
vention, a display electrode is constituted as a laminated
structure including a second layer of Mo alloy between
a first layer of ITO and a third layer of Al or Al alloy,
whereby a liquid crystal display device having a low-re-
sistivity electrode structure with the aid of an Al elec-
trode without complicating the production process or
causing pinhole defects in the ITO electrodes.

Claims

1. A liquid crystal device, comprising a pair of oppo-
sitely disposed electrodes (102a, 102b) and a liquid
crystal (103) disposed between the electrodes;
wherein at least one of the pair of electrodes (102a)
comprises a laminated structure including a first
layer (2) of indium tin oxide, a second layer (6) of
an alloy of molybdenum comprising molybdenum
and at least one alloying element selected from the
group consisting of Ta, Ti, Si, Cr, V, Nb and W, and
a third layer (4) of aluminum or its alloy, disposed in
the order named; wherein said second and third lay-
ers (6,4) cover only a part of the first layer (2) as a
laminated layer free from overhang of the third layer



10.

11.

12.

9 EP 0 444 580 B1

(4) relative to the second layer (6), said alloying ele-
ment providing the alloy of molybdenum and the
alloying element with an etching speed in an acidic
etchant controlled relative to that of molybdenum
alone, such that it is substantially similar to that of
the third layer (4).

A device accordingto Claim 1, wherein said second
layer (6) is formed of an alloy comprising molybde-
num and tantalum.

A device accordingto Claim 1, wherein said second
layer (6) is formed of an alloy comprising molybde-
num and titanium.

A device according to Claim 2, wherein said tanta-
lum is contained in a proportion of 30 wt. % or less
of the alloy.

A device according to Claim 3, wherein said tita-
nium is contained in a proportion of 30 wt. % or less
of the alloy.

A device accordingto Claim 1, wherein said second
layer (6) has a thickness of 5 - 200 nm (50 - 2000 A).

A device accordingto Claim 1, wherein said second
layer (6) has a thickness of 30 - 100 nm (300 - 1000
A).

A device according to Claim 1, wherein said liquid
crystal (103) is a chiral smectic liquid crystal.

A device according to Claim 1, wherein said third
layer (4) is formed of an alloy comprising aluminum
and at least one alloying element selected from the
group consisting of silicon, copper and titanium.

A device according to Claim 1, wherein said third
layer (4) has a thickness of 5 - 200 nm (50 - 2000 A).

A device according to Claim 1, wherein said third
layer (4) has a thickness of 10 - 100 nm (100 - 1000
A).

A display apparatus, comprising:

(a) a liquid crystal device which comprises a
first substrate (101a) having thereon first elec-
trodes (102a) each having a laminated struc-
ture including afirst layer (2) of indium tin oxide,
a second layer (6) of an alloy of molybdenum
comprising molybdenum and at least one alloy-
ing element selected from the group consisting
of Ta, Ti, Si, Cr, V, Nb and W, and a third layer
(4) of aluminum or its alloy, disposed in the
order named, wherein said second and third
layer (6,4) cover only a part of the first layer (2)
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13.

14.

15.

16.
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as a laminated layer free from overhang of the
third layer (4) relative to the second layer (6),
said alloying element providing the alloy of
molybdenum and- the alloying element with an
etching speed in an acidic etchant controlled
relative to that of molybdenum alone such that
it is substantially similar to that of the third layer
(4); a second substrate (101b) having thereon
second electrodes (102b) disposed opposite to
the first electrodes (102a); and a liquid crystal
(103) disposed between the first and second
substrate, (102a, 102b);

(b) a first means (504, 505) for supplying signal
voltages to the first electrodes and the second
electrodes, and

(c) asecond means (511) for controlling the first
means.

An apparatus according to Claim 12, wherein the
first electrode (102a) are disposed in the form of
stripes, the second electrodes (102b) are disposed
in the form of stripes intersection the first electrodes
(102a), and in each of the first electrodes (102a) the
second and third layers (6,4) are thinner in width
than the first layer (2) and disposed along the length
of the stripe of the first layer (2).

An apparatus according to Claim 13, wherein the
second and third layers (6,4) are disposed along a
longitudinal edge of the stripe of the first layer (2).

An apparatus according to Claim 12, wherein said
liquid crystal (103) is a chiral smectic liquid crystal.

A process for producing an electrode plate for use
in a liquid crystal device, comprising:

(a) forming an indium tin oxide film (2) on a
glass substrate (1) and pattering the film into a
prescribed pattern according to a photolitho-
graphic process,

(b) coating the indium tin oxide film (2) in the
prescribed pattern on the glass substrate (1)
successively with a first metal film (6) of an alloy
of molybdenum and an alloying element
selected from the group consisting of Ta, Ti, Si,
Cr, V, Nb, and W, and a second metal film (4)
of aluminum or an aluminum alloy, said alloying
element being added to provide a controlled
etching speed of said alloy of molybdenum and
the alloying element with an acidic etchant rel-
ative to that of molybdenum alone,

(c) coating the second metal film (4) with a pho-
toresist film (5), exposing the photoresist film
(5) in a prescribed pattern, and developing the
photoresist film (5) with an alkaline developer
to expose a part of the second metal film (4),
and
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(d) etching the exposed part of the second
metal film (4) and the first metal film (6) there-
below at substantially equal etching speeds
with a single acidic etchant.

A process according to Claim 16, wherein said first
metal film (6) comprises an alloy of molybdenum
and tantalum.

A process according to Claim 16, wherein said first
metal film (6) comprises an alloy of molybdenum
and titanium.

Patentanspriiche

1.

Flassigkristallvorrichtung, umfassend ein Paar
gegeniberliegend angeordnete Elekiroden (102a,
102b) und einen Flissigkristall (103), der zwischen
den Elektroden angeordnet ist; wobei mindestens
eine Elektrode (102a) von dem Elekirodenpaar eine
laminierte Struktur umfaBt, die eine erste Schicht
(2) aus Indium-Zinnoxid, eine zweite Schicht (6) aus
einer Molybdan-Legierung, die Molybdan und min-
destens ein Legierungselement umfaB3t, das aus
der Gruppe ausgewahlt ist, die aus Ta, Ti, Si, Cr, V,
Nb und W besteht, und eine dritte Schicht (4) aus
Aluminium oder Aluminium-Legierung umfaft, die
in der genannten Reihenfolge angeordnet sind;
wobei die zweite und dritte Schicht (6,4) nur einen
ersten Teil der ersten Schicht (2) als eine laminierte
Schicht ohne Uberhéngen der dritten Schicht (4) in
bezug auf die zweite Schicht (6) bedeckt, wobei das
Legierungselement die Legierung aus Molybdan
und dem Legierungselement mit einer Atzge-
schwindigkeit in einem sauren Atzmittel versieht,
die relativ zu der von Molybdan alleine gesteuert ist,
so daB sie im wesentlichen gleich der der dritten
Schicht (4) ist.

Vorrichtung nach Anspruch 1, wobei die zweite
Schicht (6) aus einer Legierung, die Molybdan und
Tantal umfaf3t, gebildet ist.

Vorrichtung nach Anspruch 1, wobei die zweite
Schicht (6) aus einer Legierung, die Molybdan und
Titan umfaft, gebildet ist.

Vorrichtung nach Anspruch 2, wobei Tantal in einem
Anteil von 30 Gew.-% oder weniger der Legierung
enthalten ist.

Vorrichtung nach Anspruch 3, wobei Titan in einem
Anteil von 30 Gew.-% oder weniger der Legierung
enthalten ist.

Vorrichtung nach Anspruch 1, wobei die zweite
Schicht (6) eine Dicke von 5 bis 200 nm (50 - 2000A)
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hat.

Vorrichtung nach Anspruch 1, wobei die zweite
Schicht (6) eine Dicke von 30 bis 100 nm (300 -
1000A) hat.

Vorrichtung nach Anspruch 1, wobei der Fllssigkri-
stall (103) ein chiral smektischer Fllssigkristall ist.

Vorrichtung nach Anspruch 1, wobei die dritte
Schicht (4) aus einer Legierung gebildet ist, die Alu-
minium und mindestens ein Legierungselement
umfaBt, das aus der Gruppe ausgewahlt ist, die aus
Silicium, Kupfer und Titan besteht.

Vorrichtung nach Anspruch 1, wobei die dritte
Schicht (4) eine Dicke von 5 bis 200 nm (50 - 2000A)
hat.

Vorrichtung nach Anspruch 1, wobei die dritte
Schicht (4) eine Dicke von 10 bis 100 nm (100 -
1000A) hat.

Anzeigegerat, umfassend:

(@) eine Flissigkristallvorrichtung, die ein
erstes Substrat (101a) mit ersten Elektroden
(102a) auf dem Substrat, wobei jede eine lami-
nierte Struktur hat, die eine erste Schicht (2)
aus Indium-Zinnoxid, eine zweite Schicht (6)
aus einer Molybdan-Legierung, die Molybdan
und mindestens ein Legierungselement
umfaBt, das aus der Gruppe ausgewahlt ist, die
aus Ta, Ti, Si, Cr, V, Nb und W besteht, und eine
dritte Schicht (4) aus Aluminium oder Alumi-
nium-Legierung umfaft, die in der genannten
Reihenfolge angeordnet sind, wobei die zweite
und dritte Schicht (6,4) nur einen Teil der ersten
Schicht (2) als eine laminierte Schicht ohne
Uberhangen der dritten Schicht (4) in bezug auf
die zweite Schicht (6) bedecki, wobei das
Legierungselement die Legierung aus Molyb-
dan und dem Legierungselement mit einer Atz-
geschwindigkeit in einer sauren Atzldsung ver-
sieht, die relativ zu der von Molybdan alleine
gesteuert ist, so daB3 sie im wesentlichen gleich
der der dritten Schicht (4) ist; ein zweites Sub-
strat (101b) mit zweiten Elektroden (102b) auf
dem zweiten Substrat, die gegenuberliegend
der ersten Elektrode (102a) angeordnet sind;
und einen Flussigkristall (103), der zwischen
dem ersten und zweiten Substrat (102a, 102b)
angeordnet ist, umfaft;

(b) eine erste Einrichtung (504, 505) zum
Zufuhren von Signalspannungen an die ersten
Elektroden und die zweiten Elektroden und
(c) eine zweite Einrichtung (511) zum Steuern
der ersten Einrichtung.
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Gerat nach Anspruch 12, wobei die erste Elektrode
(102a) in der Form von Streifen angeordnet ist, die
zweite Elekirode (102b) in der Form von Streifen,
die die erste Elekirode (102a) schneiden, angeord-
net ist, und wobei in jeder der ersten Elekiroden
(102a) die zweite und dritte Schicht (6,4) in der
Breite dlinner als die erste Schicht (2) sind und ent-
lang der Lange des Streifens der ersten Schicht (2)
angeordnet sind.

Gerat nach Anspruch 13, wobei die zweite und
dritte Schicht (6,4) entlang einer Langskante des
Streifens der ersten Schicht (2) angeordnet sind.

Gerat nach Anspruch 12, wobei der Flissigkristall
(108) ein chiral smektischer Flussigkristall ist.

Verfahren zur Herstellung einer Elekirodenplatte
zur Verwendung in einer Flissigkristallvorrichtung,
umfassend:

(a) Bildung eines Indium-Zinnoxidfilms (2) auf
einem Glassubstrat (1) und Strukturierung des
Films in ein vorgeschriebenes Muster geman
einem photolithographischen Verfahren,

(b) Beschichten des Indium-Zinnoxidfilms (2) in
dem vorgeschriebenen Muster auf dem Glas-
substrat (1) aufeinanderfolgend mit einem
ersten Metallfilm (6) aus einer Legierung aus
Molybdan und einem Legierungselement, das
aus der Gruppe ausgewahlt ist, die aus Ta, Ti,
Si, Cr, V, Nb und W besteht, und einem zweiten
Metallfilm (4) aus Aluminium oder Aluminium-
Legierung, wobei das Legierungselement hin-
zugefiigt wird, um eine gesteuerte Atzge-
schwindigkeit der Legierung aus Molybdan und
dem Legierungselement in einem sauren Atz-
mittel relativ zu der von Molybdan alleine
bereitzustellen,

(c) Beschichten des zweiten Metallfilms (4) mit
einem Photoresistfilm (5), Belichten des Pho-
toresistfilms (5) in einem vorgeschriebenen
Muster und Entwickeln des Photoresistfilms (5)
mit einem Alkali-Entwickler, wobei ein Teil des
zweiten Metallfilms (4) freigelegt wird, und

(d) Atzen des freigelegten Teils des zweiten
Metallfilms (4) und des ersten Metallfilms (6)
darunter bei im wesentlichen gleichen Atzge-
schwindigkeiten in einer einzigen sauren Atzlé-
sung.

Verfahren nach Anspruch 16, wobei der erste
Metallfilm (6) eine Legierung aus Molybdan und
Tantal umfaft.

Verfahren nach Anspruch 16, wobei der erste
Metallfilm (6) eine Legierung aus Molybdan und
Titan umfaft.
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Revendications

Dispositif a cristaux liquides, comportant deux élec-
trodes (102a, 102b) disposées de fagcon a étre
opposées et un cristal liquide (103) disposé entre
les électrodes ; dans lequel au moins I'une des deux
électrodes (102a) comporte une structure stratifiée
comprenant une premiére couche (2) d'oxyde
d'étain dopé a l'indium, une deuxiéme couche (6)
d'un alliage de molybdéne comprenant du molyb-
déne et au moins un élément d'alliage choisi parmi
le groupe constitué de Ta, Ti, Si, Cr, V, Nb et W, et
une troisitme couche (4) daluminium ou d'un
alliage de celui-ci, disposées dans l'ordre cité ; dans
lequel lesdites deuxiéme et troisiéme couches (6,
4) ne recouvrent qu'une partie de la premiére cou-
che (2) en tant que couche stratifiée sans surplomb
de latroisieme couche (4) par rapport a la deuxiéme
couche (6), ledit élément d'alliage procurant a
I'alliage de molybdéne et a I'élément d'alliage une
vitesse d'attaque, dans un agent d'attaque acide,
régulée par rapport a celle du molybdéne seul, afin
qu'elle soit sensiblement similaire a celle de la troi-
siéme couche (4).

Dispositif selon la revendication 1, dans lequel
ladite deuxiéme couche (6) est formée d'un alliage
comprenant du molybdéne et du tantale.

Dispositif selon la revendication 1, dans lequel
ladite deuxiéme couche (6) est formée d'un alliage
comprenant du molybdéne et du titane.

Dispositif selon la revendication 2, dans lequel ledit
tantale est contenu dans une proportion de 30 % en
poids ou moins de l'alliage.

Dispositif selon la revendication 3, dans lequel ledit
titane est contenu dans une proportion de 30 % en
poids ou moins de l'alliage.

Dispositif selon la revendication 1, dans lequel
ladite deuxiéme couche (6) a une épaisseur de
5-200 nm (50 - 2000 A).

Dispositif selon la revendication 1, dans lequel
ladite deuxiéme couche (6) a une épaisseur de
30-100 nm (300 - 1000 A).

Dispositif selon la revendication 1, dans lequel ledit
cristal liquide (103) est un cristal liquide smectique
chiral.

Dispositif selon la revendication 1, dans lequel
ladite troisieme couche (4) est formée d'un alliage
comprenant de l'aluminium et au moins un élément
d'alliage choisi dans le groupe constitué du silicium,
du cuivre et du titane.
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Dispositif selon la revendication 1, dans lequel
ladite troisieme couche (4) a une épaisseur de
5-200 nm (50 - 2000 A).

Dispositif selon la revendication 1, dans lequel
ladite troisieme couche (4) a une épaisseur de
10-100 nm (100 - 1000 A).

Appareil d'affichage, comportant :

(a) un dispositif a cristaux liquides qui comporte
un premier substrat (101a) portant des premiée-
res électrodes (102a) ayant chacune une struc-
ture stratifiée comprenant une premiére cou-
che (2) d'oxyde d'étain dopé a l'indium, une
deuxiéme couche (6) en alliage de molybdéne
comprenant du molybdéne et au moins un élé-
ment d'alliage choisi dans le groupe constitué
de Ta, Ti, Si, Cr, V, Nb et W, une troisieme cou-
che (4) d'aluminium ou d'un alliage de celui-ci,
disposée dans l'ordre cité, dans lequel lesdites
deuxiéme et troisiéme couches (6, 4) ne recou-
vrent qu'une partie de la premiére couche (2)
en tant que couche stratifiée sans surplomb de
la troisiteme couche (4) par rapport a la
deuxidme couche (6), ledit élément d'alliage
procurant & l'alliage de molybdéne et a I'élé-
ment d'alliage une vitesse d'attaque, dans un
agent d'attaque acide, régulée par rapport a
celle du molybdéne seul de maniére qu'elle soit
sensiblement similaire a celle de la troisieme
couche (4) ; un second substrat (101b) portant
des secondes électrodes (102b) disposées de
fagon a étre opposées aux premiéres électro-
des (102a) ; et un cristal liquide (103) disposé
entre les premier et second substrats (102a,
102b) ;

(b) des premiers moyens (504, 505) destinés a
appliquer des signaux de tension aux premié-
res électrodes et secondes électrodes, et

(c) des seconds moyens (511) destinés a com-
mander les premiers moyens.

Appareil selon la revendication 12, dans lequel la
premiére électrode (102a) est disposée sous la
forme de bandes, les secondes électrodes (102b)
sont disposées sous la forme de bandes croisant
les premiéres électrodes (102a), et, dans chacune
des premiéres électrodes (102a), les deuxiéme et
troisieme couches (6, 4) sont d'une largeur infé-
rieure a celle de la premiére couche (2) et sont dis-
posées sur la longueur de la bande de la premiére
couche (2).

Appareil selon la revendication 13, dans lequel les
deuxiédme et troisieme couches (6, 4) sont dispo-
sées le long d'un bord longitudinal de la bande de
la premiére couche (2).
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Appareil selon la revendication 12, dans lequel ledit
cristal liquide (103) est un cristal liquide smectique
chiral.

Procédé pour produire une plaque d'électrodes a

utiliser dans un dispositif a cristaux liquides,
comprenant :

(@) la formation d'un film (2) d'oxyde d'étain
dopé a l'indium sur un substrat (1) de verre et
la réalisation d'un motif prescrit dans le film sui-
vant un processus photolithographique,

(b) le revétement du film (2) d'oxyde d'indium
dopé a I'étain, dans le motif prescrit du substrat
(1) de verre, successivement par un premier
film métallique (6) d'un alliage de molybdéne et
d'un élément d'alliage choisi dans le groupe
constitué de Ta, Ti, Si, Cr, V, Nb et W, et par un
second film métallique (4) d'aluminium ou d'un
alliage daluminium, ledit élément d'alliage
étant additionné pour conférer une vitesse
d'attaque régulée audit alliage de molybdéne
et & I'élément d'alliage avec un agent d'attaque
acide, par rapport a celle du molybdéne seul,
(c) le revétement du second film métallique (4)
par un film (5) de photoréserve, |'exposition du
film (5) de photoréserve suivant un motif pres-
crit, le développement du film (5) de photoré-
serve avec un développateur alcalin pour met-
tre & nu une partie du second film métallique
(4), et

(d) l'attaque de la partie & nu du second film
métallique (4) et du premier film métallique (6)
situé au-dessous de |ui & des vitesses d'atta-
que sensiblement égales, avec un seul agent
d'attaque acide.

Procédé selon la revendication 16, dans lequel ledit
premier film métallique (6) comprend un alliage de
molybdéne et de tantale.

Procédé selon la revendication 17, dans lequel ledit
premier film métallique (6) comprend un alliage de
molybdéne et de titane.
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